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a  b  s  t  r  a  c  t
Evidence  suggests  that previous  trauma  reduces  the cortisol  response  to subsequent  stressors.  We  exam-
ined the  relation  of  this  response  to intrusive  memory,  and  the  potential  moderating  roles  of sympathetic
reactions.  Pre-existing  trauma-related  factors  and the cardiac  defense  response  were  assessed  before  58
healthy  participants  viewed  a trauma  ﬁlm.  Salivary  cortisol  and  alpha-amylase  (sAA)  were collected  pre-
,  peri-  and  post-ﬁlm.  Intrusive  memories  about  the  ﬁlm  were  recorded  for a week.  Cortisol  increased
whereas  sAA  decreased  after  the  ﬁlm.  Those  with  more  recent  traumatic  experiences  and greater  subcli-rauma ﬁlm
ntrusions
lpha-amylase
ardiovascular defense response
osttraumatic stress disorder
nical  PTSD  symptoms  had  lower  cortisol  concentration  post-ﬁlm.  Lower  cortisol  levels  predicted  greater
vividness  of  intrusions.  Positive  correlations  between  cortisol  and  the  frequency  of  intrusion  were  only
present  among  individuals  with  more  sympathetic  activations.  These  ﬁndings  suggest  the  contribution
of  insufﬁcient  cortisol  secretion  to over-consolidation  of  traumatic  memory,  and  highlight  the  variation
attributable  to individual  differences  and  different  memory  characteristics.
© 2014  The  Authors.  Published  by  Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY  license. Biological responses to trauma and the development of
ntrusive memories
Cortisol is stress-reactive and inﬂuences brain regions involved
n memory processing (Bowirrat et al., 2010). It has therefore
een widely studied in the context of posttraumatic stress dis-
rder (PTSD; APA, 1994). Findings regarding the inﬂuences of
rauma and PTSD on resting cortisol levels have been inconsistent
Klaassens, Giltay, Cuijpers, van Veen, & Zitman, 2012). How-
ver, prior traumas have been shown to have attenuating effects
n the cortisol response to a new traumatic stressor (Delahanty,
aimonde, Spoonster, & Cullado, 2003; Ehring, Ehlers, Cleare, &
lucksman, 2008; Resnick, Yehuda, Pitman, & Foy, 1995). In one
tudy, low absolute cortisol levels after the new trauma mediated
he association between prior traumatic history and later PTSD
ymptoms associated with the new trauma (Delahanty et al., 2003).
In terms of the effect of cortisol on memory, a meta-analysis
uggested that while cortisol showed slightly positive effects on
ecall, studies adopting recognition tasks have reported adverse
ffects (Het, Ramlow, & Wolf, 2005). Echoing the latter, lower
∗ Corresponding author. Tel.: +44 0207 679 5927; fax: +44 0207 619 1989.
E-mail addresses: c.brewin@ucl.ac.uk, ucjtcrb@ucl.ac.uk (C.R. Brewin).
ttp://dx.doi.org/10.1016/j.biopsycho.2014.08.002
301-0511/© 2014 The Authors. Published by Elsevier B.V. This is an open access article u(http://creativecommons.org/licenses/by/3.0/).
absolute cortisol levels immediately after accidents have been
found among individuals who later develop PTSD and intrusive
memories (Delahanty, Raimonde, & Spoonster, 2000; McFarlane,
Atchison, & Yehuda, 1997). Consistent with this, insufﬁcient
cortisol secretion in the early aftermath of trauma and the related
failure to down-regulate catecholamines have been hypothesized
to cause over-consolidation of traumatic memories in PTSD and
hence lead to intrusive memory symptoms (Yehuda & Harvey,
1997). However, inconsistent results have been reported (e.g., van
Zuiden, Kavelaars, Geuze, Olff, & Heijnen, 2013).
Because in real-life situations there may  be hard-to-measure
complications such as the severity and nature of trauma, we
adopted the trauma ﬁlm paradigm (Holmes & Bourne, 2008;
Lazarus, Opton, Nomikos, & Rankin, 1965) to examine the above-
mentioned hypothesis and to clarify the correlations between prior
trauma, cortisol level, and the development of intrusive memories.
We  investigated whether prior trauma would predict less cortisol
secretion among healthy individuals in response to a traumatic ﬁlm,
and whether a lower absolute cortisol level would in turn predict
the development of intrusive memories of the ﬁlm. We  also inves-
tigated the inﬂuence of pre-existing traits, such as dissociation,
which have been linked with decreased physiological activation
in response to traumatic stimuli (Lanius et al., 2010). Signiﬁcant
negative associations between previous traumas, preexisting trait
dissociation, and cortisol concentration were predicted; in turn,
nder the CC BY license (http://creativecommons.org/licenses/by/3.0/).
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 lower cortisol concentration was hypothesized to predict more
requent and vivid intrusive memories of the ﬁlm.
Finally, we investigated potential moderators of the association
etween cortisol levels and intrusive memories. As sympathetic
ervous system (SNS) activation has been suggested to moder-
te cortisol’s effect on memory (Roozendaal, Okuda, de Quervain,
 McGaugh, 2006; Roozendaal, Quirarte, & McGaugh, 2002), two
actors related to the SNS activation were examined. First, sali-
ary alpha-amylase (sAA) was used to index its possible effects
Rohleder, Nater, Wolf, Ehlert, & Kirschbaum, 2004). We  predicted
hat cortisol and sAA would interact in a synergistic fashion to
redict the number and vividness of intrusive memories.
The second moderator we investigated was the cardiac defense
esponse (CDR; Eves & Gruzelier, 1984; Turpin & Siddle, 1978),
hich is a heart rate (HR) response to a sudden onset of loud noise.
hile almost everyone shows an increase of HR after the loud noise,
 group of individuals (i.e., Accelerators) showing a secondary HR
ncrease without any further external stimulus has been identi-
ed. The assessment of CDR has been established through careful
xamination of its measurement and reliability (Eves & Gruzelier,
984; Vila, Fernández, & Godoy, 1992). Accelerators have been sug-
ested to be more prone to adopt extreme coping strategies and
o initiate a ﬁght/ﬂight response (Fernández & Vila, 1989). More-
ver, they have been shown to have stronger anxiety traits, and
reater vulnerability to anxiety disorders (Delgado et al., 2009;
ópez, Poy, Pastor, Segarra, & Moltó, 2009; Richards & Eves, 1991;
obles Ortega, Marﬁl, & Reyes del Paso, 1995; Ruiz-Padial, Mata,
odríguez, Fernández, & Vila, 2005). In assessing CDR, we expected
reater vulnerability toward the development of intrusive mem-
ries among the Accelerators. Speciﬁcally, we predicted higher
requency and vividness of intrusive memory among Accelerators
han Decelerators. Moreover, we expected a stronger inverse asso-
iation between cortisol levels and intrusive memory among the
ccelerators, compared to the Decelerators.
. Methods
.1. Participants
The current article reports the neuroendocrinological data from a larger study
Chou, La Marca, Steptoe, & Brewin, 2014). All procedures were approved by the
esearch Ethics Committee at University College London (UCL). Non-smoking native
nglish speakers aged between 18 and 40, without any major physical or mental ill-
esses, and with a body mass index (BMI) range of 17.5–30 were recruited through
 website recruiting UCL students and the general public in London to take part in
sychological studies. Volunteers were sent a detailed information sheet about the
tudy and screening questions via email after their ﬁrst contact with the researcher.
ndividuals who reported having been diagnosed with or having received treat-
ents for any mental disorders were excluded. Additionally, those who were taking
edications or contraceptives, and those with cardiovascular or other signiﬁcant
hysiological illnesses were not eligible for the study. Because the study contained
raphic footages from car accidents, individuals who  had experienced/witnessed,
ad close others seriously injured/died in road trafﬁc accidents, or with a history of
ny  mental disorders were also not eligible.
Volunteers who fulﬁlled the inclusion and exclusion criteria read through the
nformation sheet again and asked questions before a consent form was signed at
he beginning of the study. Eighty-seven completed the study. They were paid £15
s a reward for participation at the end. Only the 64 participants taking part in the
fternoon (i.e., 1:30 p.m. to 6 p.m.) were included in this analysis in order to control
or the circadian ﬂuctuations of cortisol and sAA (Nater, Rohleder, Schlotz, Ehlert, &
irschbaum, 2007). Among them, six were excluded due to procedural failures (e.g.,
ontaminated the saliva samples, experienced actual traumatic or stressful events
etween the two experimental sessions), resulting in a ﬁnal sample size of N = 58
male = 32; ages between 18 and 37, M = 24.16, SD = 4.22).
.2. Psychophysiological data acquisition
The Actiwave Cardio system (Camntech, Cambridge, UK) was used with two
isposable electrodes (Blue Sensor SP; Ambu, Denmark) attached to the partici-
ants’ chests to collect electrocardiography (ECG) signals. Signals were sampled
ontinuously at 512 Hz, with resolution nine bits and no notch ﬁlter.
Salivary cortisol and sAA were collected by chewing salivettes (Sarstedt, Leices-
er,  UK) for 2 min. Samples were stored at −20 ◦C before the biochemical analysis.ology 103 (2014) 135–143
After thawing, saliva was  centrifuged at 3000 rpm for 5 min  before free cortisol
and sAA were analyzed using an immuno-assay with time-resolved ﬂuorescence
detection (Dressendörfer, Kirschbaum, Rohde, Stahl, & Strasburger, 1992). Inter-
and intra-assay variance were both lower than 5% for cortisol, and both lower than
6%  for sAA.
2.3. Psychophysiological reactivity test
A psychophysiological reactivity test (Eves & Gruzelier, 1984; López et al., 2009;
Turpin & Siddle, 1978) was conducted to assess the CDR. Participants were told
that the aim was  to examine the effect of sound on relaxation and therefore an
unexpected loud noise might be played, although the only thing they needed to do
was try to relax. A 6-min resting period was given with a white noise (500 ms,  110 dB
and  instantaneous risetime) presented through headphones at the end followed by
an  80-s ECG recording.
2.4. Trauma ﬁlm viewing and intrusion diary
A 13 min–40 s trauma ﬁlm (Holmes, Brewin, & Hennessy, 2004) was  presented
on a 28.5 cm × 40 cm computer monitor with the sound played through headphones.
The  ﬁlm consists of ﬁve scenes of different real-life car accidents containing horriﬁc
images of emergency service personnel extracting trapped victims and dead bod-
ies, injured individuals screaming, and body parts among vehicle wreckage. Before
each scene, a brief narration (voiceover without images) introducing the context
of  the accident and background of the victims was played. Participants were asked
to  watch the ﬁlm closely and imagine themselves being present and witnessing
the occurrences ﬁrst-hand. The researcher was present during the ﬁlm viewing to
ensure that all participants watched the ﬁlm in full. In rare cases when participants
looked away, reminders were given to return their attention to the ﬁlm.
An  intrusion diary was used to record the intrusions for 7 days after the ﬁlm.
Intrusion was deﬁned as ‘unintended and spontaneous, rather than deliberate, mem-
ories/thoughts/images about the ﬁlm that easily capture attention and may interfere
with ongoing activities’. Participants were asked to note the timing, give a brief
description of every intrusion, and specify whether it took the form of images,
thoughts, or a mixture of both. They were advised to carry the diary with them to
record each occurrence as soon as possible, and to avoid retrospective completion.
A  text message was sent at 9 p.m. each day as a reminder to complete the diary.
Participants reviewed their diary with the researcher when they returned to the
laboratory on the 8th day. A self-rating of compliance (0 = very unreliable, 10 = very
reliable) was then performed. The frequency of intrusive images was  determined
by  summing up the numbers of pure imagery and mixed intrusions over the week,
excluding any pure intrusive thoughts. Participants rated each intrusive image for
vividness (0 = not at all, 10 = extremely) and these ratings were averaged.
2.5. Subclinical symptom, psychological trait, and state measures
2.5.1. Post-traumatic Stress Diagnostic Scale (PDS)
The PDS (Foa, 1995) is a 49-item questionnaire of traumatic experiences and
PTSD symptoms. We  used this scale to assess subclinical PTSD symptoms. The ﬁrst
section presents a checklist of different types of trauma. The second section identiﬁes
the one, among the selected events in the ﬁrst section, which is the most trouble-
some and then asks about the elapsed time and questions for Criterion A for PTSD in
DSM-IV (APA, 1994) based on the speciﬁed event. In the third and fourth sections,
Criteria B, C, D, and E for PTSD are rated also based on the speciﬁed event. PTSD
symptom severity is indicated by the sum of the items for Criteria B, C, and D. The
scores range between 0 and 51, with 0–10 indicating mild distress, 11–20 indicating
moderate distress, 21–35 indicating moderate to severe distress, and 36–51 indicat-
ing severe distress. The validity of the PDS (Foa, Cashman, Jaycox, & Perry, 1997) has
been supported by good diagnostic agreement with the Structured Clinical Interview
for DSM-III-R (Spitzer, Williams, Gibbon, & First, 1990).
2.5.2. State Trait Anxiety Inventory (STAI)
The STAI (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) is a self-report
scale of which the ﬁrst subscale measures state and the second measures trait anx-
iety.  They each have 20 items, and anxiety levels are indicated by the sum of all
items. The scores range between 20 and 80, with higher scores indicating greater
anxiety. The validity of the STAI has been supported by its ability to discriminate
high vs. low stress situations and by agreement with other anxiety assessment tools
(Metzger, 1976; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1989). Satisfactory
reliability was  found in the current sample (Cronbach’s  ˛ ranged between .94 and
.96).
2.5.3. Dissociative Experiences Scale (DES-II)
The DES-II (Carlson & Putnam, 1993) is a 28-item questionnaire designed to
examine trait-like dissociation. It is composed of three aspects: Amnesia (e.g.,
ﬁnding oneself in a place with no idea how one got there), depersonalization-
derealization (e.g., feeling one’s body does not seem to belong to one’s self), and
absorption (e.g., ﬁnding oneself so involved in a fantasy or daydream that it feels
as though it were really happening). The percentage of time (0–100%) that one is
engaged in each experience in daily life is rated. Trait dissociation was indicated by
C.-Y. Chou et al. / Biological Psychology 103 (2014) 135–143 137
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bFig. 1. Timeline of the procedures note. M1  = the ﬁrst min
veraging the percentage scores with higher scores indicating greater dissociation.
vidence suggesting good validity of the DES has been found (Dubester & Braun,
995) as well as satisfactory reliability in the current sample (Cronbach’s  ˛ = .94).
.5.4.  Dissociative State Scale (DSS)
The DSS (adapted from Bremner et al., 1998) is a 19-item self-report mea-
urement of state dissociation. The areas covered include depersonalisation,
erealisation, and amnesia. For each item, participants are required to rate on a ﬁve-
oint scale anchored with 0 (not at all) and 4 (extremely) based on their feelings at
he particular moment when they are given the measure. The level of state disso-
iation was  indicated by the sum of all items. The scores range between 0 and 76,
ith higher scores indicating more dissociation. Satisfactory reliability was found
n  the current sample (Cronbach’s  ˛ ranged between .86 and .92). Validity has been
upported by the ﬁndings that healthy participants scored lower than PTSD patients
Bremner et al., 1998).
.5.5. Fear rating scale
The fear rating scale is an 11-point visual analog scale (0 = not at all,
0  = extremely) with higher scores indicating stronger feelings of fear at a given
oment.
.6. Procedures
All participants were asked to be free of caffeine, alcohol and any medication
4  h before testing. As shown in Fig. 1, trait and subclinical symptom measures
ere administered at the beginning before participants were ﬁtted with the ECG
lectrodes and introduced to the psychophysiological reactivity test. Next, partici-
ants were reassured that no more sudden noise would be delivered and were given
 6-min pre-ﬁlm resting period. No task was  given in the ﬁrst 2 min; the pre-ﬁlm
sychological state measures (i.e., state anxiety, state dissociation, and fear) were
dministered at the third minute; and the pre-ﬁlm saliva sample was collected dur-
ng the last 2 min  of this period. The trauma ﬁlm was  then shown with the peri-ﬁlm
aliva sample collected at the beginning of the ﬁnal scene (starting from the 12th
inute of the ﬁlm). After the ﬁlm, a 10-min post-ﬁlm resting period was given, with
he  peri- and post-ﬁlm psychological state measures given at the very beginning
nd  very end respectively. The post-ﬁlm saliva sample was collected at the end of
his period. The usage of the intrusion diary was then introduced. Starting in the
vening after the testing, a text message was  sent at 9 p.m. daily to remind the par-
icipants to check the completion for that particular day. On the 8th day, the diary
as  returned and a careful debrief was given.
.7. Analytic strategy
All statistical analyses were performed with SPSS version 18 (SPSS Inc, Chicago,
L,  USA). Scores greater than 3 standard deviations above the mean were changed
o  one unit larger than the next most extreme score in the given variable, whereas
cores smaller than 3 standard deviations below the mean were changed to one unit
maller than the next most extreme score (Chou et al., 2014; Holmes et al., 2004;
abachnick & Fidell, 1996). The variables and numbers of such cases were: pre-
n  = 1), peri- (n = 1), and post-ﬁlm cortisol levels (n = 1), pre-ﬁlm sAA level (n = 1),
rait dissociation (n = 2), pre-ﬁlm state anxiety (n = 1), pre- (n = 2), and peri-ﬁlm state
issociation (n = 2), and the frequency of intrusion (n = 1). Normality of distribution
as  examined by dividing the absolute values of skewness by the standard error
f  skewness. Variables with values larger than 3 from this calculation were square
oot transformed.Three sets of repeated measure ANOVAs were used to examine changes in
ear,  state anxiety, and state dissociation across different phases of the study.
ext, hierarchical multiple regressions were used to examine the effects of four
re-existing trauma-related characteristics (i.e., elapsed time since the most trou-
lesome trauma, its related subclinical PTSD symptoms, trait anxiety, and trait2  = the second minute; M3  = the third minute; and so on.
dissociation) on cortisol and sAA at different phases among the individuals who
had experienced at least one traumatic incident. As signiﬁcant variance in corti-
sol levels has been associated with sex and age (e.g., Larsson, Gullberg, Råstam, &
Lindblad, 2009), these two  factors were entered in the ﬁrst step, before the above-
mentioned predictors in the second step, in order to control for their effects in the
models. In the models predicting cortisol and sAA levels at the peri- and post-
ﬁlm phases, pre-ﬁlm levels of the variables of interest were entered in the ﬁrst
step, in addition to sex and age, to account for the role of individual differences at
baseline.
ECG  data from the psychophysiological reactivity test were examined using
VivoSense software (VivoNoetics, San Diego, CA, USA). Artifacts due to misdetected
R-waves were easily recognized as outliers from the average HR curves and were
manually deleted and interpolated using the software (Halligan, Michael, Wilhelm,
Clark, & Ehlers, 2006). The participants with large amounts of ECG artifacts (i.e., more
than 3% corrected R-R intervals; Hodson, Harnden, Roberts, Dennis, & Frayn, 2009;
Vaile et al., 2001) were excluded from the analyses involving the CDR. A smaller
sample size of 45 was hence involved in these analyses.
To classify participants with different patterns of CDR, Ward’s hierarchical clus-
ter  analysis was  used for its ability to produce clusters with similar numbers in
small data sets (López et al., 2009; Milligan & Isaac, 1980). The variables used in this
analysis are the second-by-second HR changes relative to baseline (15 s before the
white noise) during the 20–45-s interval after the noise in the psychophysiological
reactivity test (López et al., 2009).
After the classiﬁcation, t-tests and a chi-square test were conducted to com-
pare the demographic features (i.e., gender, age, years of education), BMI, and
pre-existing characteristics between groups. Moreover, 2 (group: Accelerators vs.
Decelerators) × 3 (time: pre- vs. peri- vs. post-ﬁlm) mixed design ANOVAs were per-
formed on cortisol and sAA. In all ANOVAs, homogeneity of variance was assessed
by  Levene’s statistic, while sphericity was examined with Mauchly’s test. When the
assumption of sphericity was  not met, the Greenhouse–Geisser corrected p values
were reported.
Finally, another set of hierarchical multiple regressions were performed to
examine the roles of CDR and sAA in the relationship between peri- and post-
ﬁlm cortisol levels and intrusive memory measures in the overall sample. Similar
to the above-mentioned analyses, age, sex, and the pre-ﬁlm levels of cortisol and
sAA  were controlled in the ﬁrst step. Considering the potential impacts of prior
trauma on cortisol levels (e.g., Resnick et al., 1995), a nominal variable, whether
one had experienced a trauma in the past, was included in the ﬁrst step as well.
The  levels of cortisol and sAA were included in the second step, as well as CDR,
whereas the interactions between CDR and cortisol level, and between sAA and
cortisol levels were entered in the third step, in order to examine potential moder-
ating  effects of sAA and CDR. When a signiﬁcant predictive effect of an interaction
term involving CDR was  found, post hoc analyses were performed: Pearson’s cor-
relations were applied to examine the relationships between cortisol level and
the intrusive memory measures separately among the Accelerators and Deceler-
ators.
3. Results
3.1. State psychological and neuroendocrinological responses to
the trauma ﬁlm
Cortisol and sAA levels at different phases of the study are
illustrated in Fig. 2 (related statistics are summarized in a later
paragraph). One-way repeated measure ANOVAs suggested sig-
niﬁcant effects of time on fear (F(2, 114) = 23.84, p < .001, ε = .85),
state anxiety (F(2, 114) = 54.79, p < .001) and state dissociation
(F(2, 114) = 7.48, p < .01, ε = .83). The peri-ﬁlm rating for fear was
138 C.-Y. Chou et al. / Biological Psych
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igniﬁcantly higher than the pre- and post-ﬁlm phases (p < .001
or both). Peri-ﬁlm state anxiety was signiﬁcantly higher than pre-
nd post-ﬁlm (p < .001 for both). Post-ﬁlm state anxiety was higher
han pre-ﬁlm (p < .001). Moreover, state dissociation at the peri-
lm phase was higher than the pre- (p < .01) and post-ﬁlm phases
p < .001).1 Descriptive data for these psychological states, as well as
or the intrusive memory measures, are summarized in Table 1. The
ean compliance rating for the intrusion diary was 9.29 (SD = 0.82).
.2. Previous trauma and psychological traits: their correlations
ith cortisol and sAA levels
Descriptive data for the psychological traits and trauma-related
easures are summarized in Table 1.2 On average, the participants
xperienced 1.16 types of trauma (SD = 1.31). Nineteen participants
id not have any traumatic history. Among the rest who reported at
east one trauma, the most stressful incident occurred on average
.74 years (SD = 1.27) previously. The types of trauma experienced
ncluded: non-sexual assault by a stranger (n = 26), accident (except
oad trafﬁc accident, n = 21), life-threatening illness of self or a
oved one (n = 12), natural disaster (n = 11), non-sexual assault by
n acquaintance (n = 7), sexual assault by a stranger (n = 5), sexual
ontact before age 18 by someone 5 or more years older (n = 5),
mprisonment (n = 2), war (n = 2), and sexual assault by an acquain-
ance (n = 1).
1 Pearson correlations showed that the frequency of intrusive memory was  sig-
iﬁcantly and positively correlated with post-ﬁlm fear (r (57) = .42, p < .01), peri- (r
57) = .26, p < .05) and post-ﬁlm state anxiety (r (57) = .40, p < .01), as well as peri-
r  (57) = .39, p < .01) and post-ﬁlm state dissociation (r (57) = .35, p < .01). Moreover,
he  vividness of intrusive memory was signiﬁcantly and positively correlated with
eri- (r (52) = .29, p < .05) and post-ﬁlm fear (r (52) = .34, p < .05), as well as peri-ﬁlm
nxiety (r (52) = .31, p < .05).
2 Pearson’s correlations were performed to examine the associations between
rait anxiety, trait dissociation, subclinical PTSD symptoms, and the intrusive mem-
ry  measures. None of these variables signiﬁcantly predicted the frequency or
ividness of intrusive memory (largest r(54) = .23, p = .09).ology 103 (2014) 135–143
Correlations between the trait/trauma-related measures (i.e.,
trait anxiety, trait dissociation, elapsed time since the most trouble-
some trauma, and its related subclinical PTSD symptoms), cortisol,
and sAA levels at different phases are given in a supplementary
table. To examine these factors’ impacts on pre-ﬁlm cortisol and
sAA levels, hierarchical multiple regressions were performed, with
age and sex entered in the ﬁrst step, and these other predictors
in the second step. The model did not signiﬁcantly predict pre-
ﬁlm cortisol level (R2 of the ﬁrst step = .01, p = .78; R2 of the
second step = .10, p = .52). However, as shown in Table 2, the sec-
ond step signiﬁcantly increased the variance of baseline sAA level
explained by the model. Higher trait dissociation and lower trait
anxiety signiﬁcantly predicted a lower baseline sAA level.
Supplementary table related to this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.biopsycho.2014.
08.002.
Similar hierarchical multiple regressions were applied to exam-
ine the effects of the above-mentioned variables on predicting
cortisol and sAA levels at the peri- and post-ﬁlm phases, with
their baseline levels as additional ﬁxed variables entered in the
ﬁrst step. As shown in Table 3, the elapsed time since trauma was
found to be signiﬁcantly predictive of peri-ﬁlm cortisol level, with
a more recent trauma predicting a lower level of cortisol peri-ﬁlm.
A consistent ﬁnding was evident in the model predicting post-ﬁlm
cortisol levels. Additionally, more severe subclinical PTSD symp-
toms were found to be predictive of lower post-ﬁlm cortisol levels.
Overall, the second step signiﬁcantly increased the variance of
post-ﬁlm cortisol level explained. On the other hand, while peri-
(R2 = .56, p < .001) and post-ﬁlm sAA levels (R2 = .82, p < .001)
were signiﬁcantly predicted by pre-ﬁlm sAA levels, entering the
other predictors in the second step did not signiﬁcantly increase
the variances of peri- (R2 = .03, p = .66) and post-ﬁlm sAA levels
(R2 = .02, p = .55) explained by the models.
3.3. Categorization and group differences
To categorize participants based on the CDR, consistent with
previous research (López et al., 2009), a three-cluster solution was
ﬁrst tested, but rejected for producing an imbalanced distribution
of sample sizes. A two-cluster solution was then tested and resulted
in two groups with equivalent sample sizes. Agreeing with the
CDR literature (Eves & Gruzelier, 1984; López et al., 2009; Turpin
& Siddle, 1978), a group of individuals showing a secondary peak
of HR during the 20-to-45-s interval after the noise was identi-
ﬁed (Accelerators: n = 20). The other group showing a HR decrease
during this period was named Decelerators (n = 25; see Fig. 3). A 2
(group) × 26 (time: the 20- to 45-s interval) mixed design ANOVA
found signiﬁcant effects of group (F(1, 44) = 45.50, p < .001) and
group by time interaction (F (25, 1100) = 4.57, p < .001, ε = .21) on
HR. The time effect was nonsigniﬁcant (F (25, 1100) = 2.02, p = .07,
ε = .21). These results indicated the efﬁcacy of the above method in
distinguishing individuals with different CDR.
The group differences in gender distribution (Accelera-
tor: male = 12; Decelerator: male = 13, X2(1) = .42, p = .52), age
(t(43) = 1.60, p = .12), years in education (t(42) = .69, p = .49) and
BMI  (t(43) = .33, p = .74) were nonsigniﬁcant. Accelerators showed
higher trait dissociation than Decelerators (t(43) = −2.11, p < .05).
Group differences in trait anxiety (t(42) = −.49, p = .63) and subcli-
nical PTSD symptoms (t(32) = .16, p = .88) were nonsigniﬁcant (see
Table 1 for the descriptive data).
The 2 (group) × 3 (time: pre-, peri-, post-ﬁlm) mixed design
ANOVAs found signiﬁcant main effects of time on cortisol (F (2,
86) = 4.26, p < .05, ε = .66) and sAA (F (2, 86) = 6.84, p < .01, ε = .77).
Post-ﬁlm cortisol level was  signiﬁcantly higher than peri-ﬁlm
(p < .01). Post-ﬁlm sAA level was signiﬁcantly lower than peri-
(p < .05) and pre-ﬁlm (p < .001). The effects of group and group by
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Table  1
Mean and standard deviations of physiological and psychological measures by phase and group.
Overall sample Accelerators Decelerators
Mean SD Mean SD Mean SD
Biological and background characteristics
Age 24.33 4.45 23.65 4.06 25.88 5.08
Years  in education 16.70 2.34 16.65 2.06 17.08 2.08
BMI  (kg/m2) 22.19 3.17 22.15 3.60 22.47 2.88
Psychological traits
Trait anxiety (20–80) 38.27 10.54 39.89 8.04 38.36 11.82
Trait  dissociation (%) 15.04 11.97 17.85 11.73 11.59 8.14
Subclinical PTSD symptoms (0–51) 4.49 5.36 4.00 4.20 5.22 6.68
Psychological states
Pre-ﬁlm fear (0–10) 1.65 1.88 1.35 1.50 1.89 2.12
Peri-ﬁlm fear (0–10) 3.44 3.01 3.70 2.85 3.23 3.17
Post-ﬁlm fear (0–10) 1.16 2.14 1.15 1.57 1.69 2.49
Pre-ﬁlm state anxiety (20–80) 37.13 9.66 37.85 7.95 36.58 10.91
Peri-ﬁlm state anxiety (20–80) 50.48 11.86 52.55 10.96 48.88 12.48
Post-ﬁlm state anxiety (20–80) 42.15 12.81 42.50 12.22 41.88 13.47
Pre-ﬁlm state dissociation (0–76) 5.76 5.52 7.25 5.92 4.62 5.00
Peri-ﬁlm state dissociation (0–76) 8.74 8.02 10.70 7.93 7.23 7.91
Post-ﬁlm state dissociation (0–76) 6.72 7.31 8.75 8.38 5.15 6.08
Cortisol levels (nmol/ml)
Pre-ﬁlm 8.69 4.06 8.66 3.86 8.42 4.63
Peri-ﬁlm 8.12 4.22 7.56 2.81 8.06 4.85
Post-ﬁlm 9.91 5.72 9.21 4.63 10.03 6.06
Alpha-amylase levels (u/ml)
Pre-ﬁlm 51.37 42.87 51.64 47.89 44.17 35.82
Peri-ﬁlm 45.71 41.25 41.79 43.05 41.39 39.61
Post-ﬁlm 38.94 32.07 33.76 33.54 37.82 33.51
Memory measures
Intrusive memory
Frequency image 4.16 2.73 4.50 2.44 4.00 3.00
Vividness image (0–10) 4.48 2.44 4.89 2.10 4.54 2.39
Note. BMI, body mass index; Frequency image, frequency of imagery and mixed intrusion; Vividness image, vividness of imagery and mixed intrusion.
Table  2
Multiple regressions predicting pre-ﬁlm alpha-amylase level.
B SE B ˇ
Dependent variable: pre-ﬁlm alpha-amylase level
R2 = .01, p = .79
Constant 6.41 1.49
Age .32 .46 .12
Sex  .23 1.02 .04
R2 = .37, p < .01
Constant 6.62 1.56
Age −.17 .41 −.06
Sex  −.72 .91 −.12
Elapsed time since trauma .16 .48 .05
Subclinical PTSD symptoms 1.14 .97 .18
Trait dissociation −1.80 .47 −.62**
Trait anxiety 1.13 .48 .41*
t
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Table 3
Multiple regressions predicting peri-, and post-ﬁlm cortisol levels.
B SE B ˇ
Dependent variable: peri-ﬁlm cortisol level
R2 = .56, p < .001
Constant .70 .40
Age −.07 .07 −.12
Sex  −.02 .15 −.02
Pre-ﬁlm cortisol level 1.52 .24 .74***
R2 = .09, p = .16
Constant .78 .43
Age −.09 .07 −.16
Sex  −.09 .15 −.07
Pre-ﬁlm cortisol level 1.64 .24 .80***
Elapsed time since trauma .18 .08 .28*
Subclinical PTSD symptoms −.19 .16 −.15
Trait dissociation −.05 .08 −.08
Trait anxiety .06 .08 .10
Dependent variable: post-ﬁlm cortisol level
R2 = .18, p = .07
Constant 1.19 .72
Age −.04 .12 −.05
Sex  .27 .26 .16
Pre-ﬁlm cortisol level 1.12 .43 .41*
R2 = .22, p < .05
Constant 1.64 .73
Age −.09 .11 −.12
Sex  .10 .25 .06
Pre-ﬁlm cortisol level 1.30 .41 .48**
Elapsed time since trauma .30 .14 .36*
Subclinical PTSD symptoms −.58 .27 −.33*
Trait dissociation −.19 .13 −.23* p < .05.
** p < .01.
ime interaction on cortisol and sAA were nonsigniﬁcant (largest
 (2, 86) = 1.06, p = .34, ε = .77). Similarly, group differences on the
ntrusive memory measures were nonsigniﬁcant (largest t = −.60,
 = .55; see Table 1 for the descriptive data).
.4. Biological predictors of intrusive memories
Hierarchical multiple regressions were used to examine the
elationships between CDR, peri- and post-ﬁlm sAA and cortisol
evels, and the vividness of intrusions. Sex, age, whether one had
xperienced a trauma, as well as cortisol and sAA levels at the pre-
lm phase, were controlled in the ﬁrst step. Next, peri- or post-ﬁlm
ortisol and sAA levels, as well as CDR were entered in the second
tep, followed by their interactions in the third step. The model
ncluding peri-ﬁlm cortisol and sAA levels did not show a signif-
cant effect in predicting the vividness of intrusion (R2 in the
Trait anxiety .19 .13 .25
* p < .05.
** p < .01.
*** p < .001.
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rst step = .20, p = .15; R2 in the second step = .08, p = .37; R2 in
he third step = .03, p = .48). However, as summarized in Table 4,
he model including cortisol and sAA levels at the post-ﬁlm phase
howed that younger age and lower post-ﬁlm cortisol level were
igniﬁcantly predictive of higher vividness of intrusion.
Similar multiple regressions were used to predict the frequency
f intrusion. As summarized in Table 5, peri-ﬁlm cortisol level and
ts interaction with CDR signiﬁcantly predicted the frequency of
ntrusion. To clarify the effect of the interaction term, correla-
ions between peri-ﬁlm cortisol and frequency of intrusion were
onducted separately among the Accelerators and Decelerators.
s shown in Fig. 4, a higher peri-ﬁlm cortisol level signiﬁcantly
redicted more frequently occurring intrusions among the Accel-
rators (r(20) = .53, p < .05). However, the correlation between
able 4
ultiple regressions predicting vividness of intrusion with post-ﬁlm cortisol, sAA
evels and CDR.
B SE B 
R2 = .20, p = .15
Constant 77.21 25.66
Age −5.78 3.20 −.29
Sex −.53 7.33 −.01
Trauma −11.06 8.28 −.22
Pre-ﬁlm cortisol level −17.10 9.61 −.28
Pre-ﬁlm sAA level 2.40 10.76 .03
R2 = .21, p < .05
Constant 65.10 34.06
Age −6.89 3.04 −.35*
Sex 1.27 6.83 .03
Trauma −6.42 7.59 −.13
Pre-ﬁlm cortisol level −2.92 9.75 −.05
Pre-ﬁlm sAA level −5.72 20.53 −.08
Post-ﬁlm cortisol level −11.70 3.56 −.51**
Post-ﬁlm sAA level 3.06 6.41 .15
Cardiac defence response −1.70 6.45 −.04
R2 = .00, p = .98
Constant 60.46 48.27
Age −6.80 3.18 −.34*
Sex 1.24 7.07 .03
Trauma −6.21 8.10 −.12
Pre-ﬁlm cortisol level −2.89 10.39 −.05
Pre-ﬁlm sAA level −5.55 21.28 −.08
Post-ﬁlm cortisol level −9.87 12.99 −.43
Post-ﬁlm sAA level 2.70 11.66 .13
Cardiac defence response .85 15.63 .02
Post-ﬁlm cortisol level × post-ﬁlm sAA level .64 28.90 .01
Post-ﬁlm cortisol level × cardiac defence response −2.39 13.33 −.10
* p < .05.
** p < .01.esponse by group.
these two variables was  nonsigniﬁcant among the Decelerators
(r(25) = −.04, p = .84). In this ﬁnal step lower levels of cortisol were
associated with more intrusions, but the fact that this effect was
not present at step 2 suggests it was an artiﬁcial consequence of
including the interaction terms in the model.
Similarly, when cortisol and sAA levels at the post-ﬁlm phase
were examined (Table 6), a signiﬁcant and negative correlation
between post-ﬁlm cortisol level and the frequency of intrusion
was only found after the interaction terms were included in the
model. The role of the interaction between cortisol level and CDR
was replaced by a more dominant effect of the interaction between
post-ﬁlm cortisol and sAA levels at this stage. The results suggested
a signiﬁcant amplifying role of post-ﬁlm sAA level in the correlation
between post-ﬁlm cortisol and the frequency of intrusion.
Table 5
Multiple regressions predicting frequency of intrusion with peri-ﬁlm cortisol, sAA
levels and CDR.
B SE B ˇ
R2 = .09, p = .54
Constant 1.06 2.94
Age .40 .41 .16
Sex .34 .87 .06
Trauma −.51 .96 −.08
Pre-ﬁlm cortisol level 1.81 1.15 .24
Pre-ﬁlm sAA level .44 1.32 .05
R2 = .03, p = .77
Constant −.30 3.84
Age .41 .45 .16
Sex  .39 .93 .07
Trauma −.68 1.00 −.11
Pre-ﬁlm cortisol level 2.74 1.93 .37
Pre-ﬁlm sAA level −.07 1.97 −.01
Peri-ﬁlm cortisol level −.49 .76 −.17
Peri-ﬁlm sAA level .19 .66 .07
Cardiac defence response .58 .90 .11
R2 = .14, p = .05
Constant 5.37 4.78
Age .29 .43 .11
Sex  .26 .88 .05
Trauma −.20 .98 −.03
Pre-ﬁlm cortisol level 2.09 1.84 .28
Pre-ﬁlm sAA level .25 1.87 .03
Peri-ﬁlm cortisol level −3.97 1.59 −1.40*
Peri-ﬁlm sAA level −1.52 1.24 −.55
Cardiac defence response −3.20 2.15 −.59
Peri-ﬁlm cortisol level × peri-ﬁlm sAA level 2.48 1.42 .81
Peri-ﬁlm cortisol level × cardiac defence response 3.23 1.58 1.19**
* p < .05.
** p < .01.
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Fig. 4. Relationships between peri-ﬁlm cortisol level a
Table 6
Multiple regressions predicting frequency of intrusion with post-ﬁlm cortisol, sAA
levels and CDR.
B SE B ˇ
R2 = .09, p = .54
Constant 1.06 2.94
Age .40 .41 .16
Sex  .34 .87 .06
Trauma −.51 .96 −.08
Pre-ﬁlm cortisol level 1.81 1.15 .24
Pre-ﬁlm sAA level .44 1.32 .05
R2 = .04, p = .65
Constant .89 4.48
Age .40 .44 .16
Sex  .58 .94 .11
Trauma −.46 1.00 −.08
Pre-ﬁlm cortisol level 2.22 1.33 .30
Pre-ﬁlm sAA level −.84 2.87 −.10
Post-ﬁlm cortisol level −.41 .51 −.14
Post-ﬁlm sAA level .46 .92 .17
Cardiac defence response .69 .91 .13
R2 = .16, p < .05
Constant −2.40 5.91
Age .37 .42 .15
Sex  .39 .88 .07
Trauma .01 .97 .00
Pre-ﬁlm cortisol level 1.52 1.28 .20
Pre-ﬁlm sAA level −1.90 2.70 −.22
Post-ﬁlm cortisol level −4.01 1.64 −1.39*
Post-ﬁlm sAA level −2.32 1.49 −.88
Cardiac defence response −1.01 2.03 −.19
Post-ﬁlm cortisol level × post-ﬁlm sAA level 8.99 3.71 1.45*
Post-ﬁlm cortisol level × cardiac defence response 1.91 1.72 .65
4
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Additionally, echoing the effects on memory of noradrener-* p < .05.
. Discussion
.1. Psychological traits, trauma, subclinical PTSD symptoms and
ortisol
The current study examined the role of cortisol and sAA lev-
ls as predictors of intrusive memories within the trauma ﬁlm
aradigm for the ﬁrst time. Consistent with the literature (Takai
t al., 2004), cortisol concentration increased due to the stress-
ul nature of the trauma ﬁlm. Unexpectedly, sAA concentration
ecreased. This may  be because the trauma ﬁlm, through whichnd frequency of intrusive images by CDR group.
participants are required to sit still, tends to initiate passive coping
strategies rather than ﬁght/ﬂight responses. A dissociative sub-
type of PTSD characterized by lowered HR and reduced amygdala
responsiveness in the face of trauma reminders has been hypoth-
esized (Lanius et al., 2010). Our data similarly indicate that trait
dissociation is negatively correlated with sAA release in response
to a traumatic stimulus. This ﬁnding conﬁrms that the effects of dis-
sociation are likely to be mediated at least in part by suppression
of the SNS.
The data showed that whether one has experienced a trauma
does not signiﬁcantly affect resting or reactive cortisol levels. How-
ever, echoing studies ﬁnding an attenuating effect of prior trauma
on cortisol (Delahanty et al., 2003; Ehring et al., 2008; Resnick et al.,
1995), shorter elapsed time since the past trauma was found to be
associated with lower cortisol levels peri- and post-ﬁlm. Moreover,
individuals with greater subclinical PTSD symptoms released less
cortisol post-ﬁlm. Overall, the results suggest that the impact of
trauma should be taken into account in addition to its occurrence.
Our ﬁndings also conﬁrm under more tightly controlled experi-
mental conditions than before that there is a negative correlation
between the level of impact from prior trauma and the cortisol
response to a later stressor.
4.2. Biological predictors of intrusive memories
As in previous studies of PTSD (van Zuiden et al., 2013), we
did not ﬁnd a clear-cut association between cortisol release and
subsequent intrusive memories. However, consistent with the lit-
erature suggesting closer links between physiological arousal and
subjective distress among Accelerators than Decelerators (Fergus,
Rabenhorst, Orcutt, & Valentiner, 2011), a higher peri-ﬁlm cortisol
level was  shown to predict more frequent intrusive images among
the Accelerators, but not Decelerators. There were no overall group
differences in number of intrusive memories, therefore CDR should
not be seen as a risk factor, but as a marker of alterations in patterns
of stress reactivity. The results highlighted the importance of indi-
vidual differences in the effects of cortisol on involuntary trauma
memory.gic activation found in animal studies (Roozendaal et al., 2006,
2002), sAA was  found to moderate the relationship between the
increase in post-ﬁlm cortisol level and the frequency of intrusion.
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he positive association between cortisol concentration and intru-
ion frequency was ampliﬁed among the individuals with higher
AA activity. The ﬁnding suggests that the facilitatory effect of cor-
isol on involuntary memory is more prominent when the SNS
s simultaneously highly activated. Only one previous study has
xamined the effects of cortisol and sAA simultaneously, and has
imilarly found a synergistic effect of cortisol and alpha amylase
n intrusive memories of picture stimuli following a cold pressor
est (Bryant, McGrath, & Felmingham, 2013). Given that trait dis-
ociation, a risk factor for intrusive memories, is related to lowered
AA levels in our data, the ﬁndings imply that different mecha-
isms may  underlie the development of intrusion, particularly its
requency, among individuals with high and low trait dissocia-
ion. Similar evidence for alternative pathological mechanisms, one
nvolving dissociation and one involving hyperarousal, have been
eported in the PTSD literature (Andrews, Brewin, Stewart, Philpott,
 Hejdenberg, 2009; Brewin, Andrews, Rose, & Kirk, 1999) and form
art of the case for the introduction of a dissociative subtype.
.3. Vividness of intrusions
The current study examined the vividness in addition to the fre-
uency of intrusive images. Whereas the latter was  a function of
nteractions between CDR, cortisol, and sAA, vividness was  pre-
icted by lower levels of post-ﬁlm cortisol alone. The data support
revious suggestions that low levels of cortisol post-trauma lead to
he over-consolidation of traumatic memories (Yehuda & Harvey,
997). Further, the discrepancy between the correlates of the vivid-
ess and frequency of intrusive memories suggests that they are
istinct qualities affected by diverse mechanisms.
Speciﬁcally, two characteristics of cortisol have been studied:
1) as an objective indicator of stress, and (2) as a regulator of the
onsolidation-related neuromodulators. Based on our results, the
requency of intrusion is associated with the ﬁrst characteristic, and
herefore relates to stress intensity. On the other hand, the vivid-
ess of intrusion is associated with the second characteristic, and is
 consequence of the interactions between cortisol and the neuro-
odulators. Both characteristics should be taken account, because
hey both cause clinical distress. Consider our ﬁnding of a negative
ssociation between previous traumatic impacts and cortisol reac-
ivity to a later stressor, suggesting that less frequent intrusions
ay  be found among individuals severely impacted from previous
raumas. Their low cortisol level and less frequent intrusions do not
ecessarily imply minor distress. Contrastingly, their experience of
ivid intrusions related to such insufﬁcient cortisol secretion is of
linical concern.
These ﬁndings highlight the need for more sophisticated consid-
rations in choosing measurements and interpreting results in this
eld. Moreover, while beneﬁts of cortisol on treating and preven-
ing PTSD have been suggested (Adinoff, Powell, & Greene, 2010;
owirrat et al., 2010; Schelling et al., 2001, 2004), further con-
iderations suggest these beneﬁts will not be universal. Although
n increase in cortisol is associated with decreased vividness, it is
lso related to more frequent intrusions in some individuals (i.e.,
ccelerators).
.4. Limitations and contributions
Generalization and interpretation of the current ﬁndings should
e done with caution as we employed both an analog stimulus
nd a healthy population with relatively minor traumatic his-
ories and subclinical PTSD symptoms. As is common in such
tudies, the intrusive memories present were relatively short-lived
henomena. Although there were striking parallels between pro-
esses observed in the PTSD literature and responses to the trauma
lm, we have no direct evidence that the processes we  observedology 103 (2014) 135–143
were identical to those seen in clinical conditions. Hence, clariﬁca-
tion is needed before conclusions can be drawn regarding whether
observations of the frequency and vividness of intrusions, or low
cortisol secretion, are adaptive or pathological.
Second, the current sample size did not provide robust statisti-
cal power, given the numbers of variables involved in the analyses.
Moreover, the phase of the menstrual cycle of our female partici-
pants was  not taken into account. As menstrual cycles have been
found to contribute to the stress responses of the HPA axis and its
effects (Kirschbaum, Kudielka, Gaab, Schommer, & Hellhammer,
1999), future studies with bigger sample sizes, as well as more
sophisticated assessment and control for the phase of menstrual
cycle, should be conducted.
Finally, although an 8-min resting period was present between
the presentations of the startle triggering noise in the psychophysi-
ological reactivity test and the trauma ﬁlm, it is not known whether
this was sufﬁcient to dissipate away the effect of the former on the
psychological and physiological responses to the latter. Moreover,
the duration of time we measured cortisol levels (i.e., up to 12 min
post-ﬁlm) were relatively short. As the peak of stress-related cor-
tisol increase is commonly found between 20 and 30 min  after
the exposure to stressors (e.g., Elzinga, Schmahl, Vermetten, van
Dyck, & Bremner, 2003; La Marca et al., 2010), the proﬁle shown
in the current study might be somewhat incomplete. Therefore,
replications are needed with counter-balancing of the psychophys-
iological reactivity test and the trauma ﬁlm paradigm, as well as
longer follow-up durations of cortisol measurement.
This was  the ﬁrst study to assess the role of sAA in the con-
text of trauma and PTSD. The ﬁnding of low sAA during the trauma
ﬁlm and its correlation with trait dissociation suggest the involve-
ment of passive coping mechanisms in the trauma ﬁlm paradigm
and the potential of using sAA as an index of prior vulnerability.
The recentness of prior trauma and its associated subclinical symp-
toms were found to attenuate cortisol level during a later stressful
situation. This provides independent support under controlled con-
ditions for Yehuda and Harvey’s hypothesis (1997)concerning the
biological basis of vulnerability to PTSD. Moreover, the ﬁnding of
moderating effects of the CDR and SNS on the relationship between
the frequency of intrusion and cortisol highlights the importance
of individual difference in psycho-physiological interactions that
may  help to explain why  previous studies have found such diverse
relationships between cortisol release and responses to trauma.
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